Seismic anisotropy is a unique observational tool for remotely studying deformation and stress within the Earth. Effects of anisotropy can be seen in seismic data; they are due to mineral alignment, fractures or layering. Seismic anisotropy is linked to local stress and strain, allowing modern geophysics to derive geomechanical properties from seismic data for supporting well planning and fracking. For unravelling anisotropic properties of the crust, the teleseismic receiver functions methodology has started to be widely applied recently due to its ability in retrieving the threedimensional characteristics of the media sampled by the waves. The applicability of this technique is tested here by a field test carried out around the Kontinental Tiefbohrung site in southeastern Germany. We compare our results to previous investigations of the metamorphic rock pile of the Zone Erbendorf-Vohenstrauss, drilled down to 9 km depth, which sampled an alternating sequence of paragneiss and amphibolite, in which a strong foliation has been produced by ductile deformation. The application of the receiver functions reveals the presence of two distinct anisotropic layers within the metamorphic rock pile at 0-4 km and below 6 km depth, with up to 8% anisotropy; the depth of these two layers corresponds to the location of micarich paragneiss which show intense foliation, and finally proves the relation between the signal in the receiver functions, rock texture and presence of cracks. We have now the capability of providing insights from passive seismic data on geomechanical properties of the rocks, useful for geological exploration and engineering purposes, which will help influencing expensive drilling decisions thanks to future application of this seismic technique.
I N T R O D U C T I O N
Seismic anisotropy and its determination is of great interest because it is a key for constraining preferred alignment of structures within the Earth such as due to sedimentary layering, stress-induced cracks and/or dykes and sills (Babuška and Cara 1991) , the causes of which include the mechanical stress field and deformation. The receiver functions (RF) are time series composed of P-to-S phases generated at impedance contrasts at depth and their multiples. Their arrival times depend on both velocity in the crossed medium and depth Berckhemer et al. 1997). explored by means of seismic reflection studies (DEKORP Research Group 1987 , 1988 Eisbacher, Lueschen and Wickert 1989; Lüschen et al. 1996; Harjes et al. 1997; DEKORP and Orogenic processes Working Groups 1999; Muller, Janik and Harjes 1999) . The metamorphic body of the Zone of Erbendorf-Vohenstrauss (ZEV) was drilled until reaching a depth of 9101 m (Harjes et al. 1997 and references therein) . The ZEV is made of an alternating sequence of paragneisses and amphibolites showing a strong foliation.
Unexpected though was the steep inclination of that pervasive foliation, which did not correspond to previous interpretations of flat seismic reflections and mapped surface geology (Harjes et al. 1997) . Previous tectonic interpretations had to be strongly modified, to explain the in situ information from the borehole (Emmermann and Lauterjung 1997; Obrien et al. 1997) . Principal results from the drilling and accompanying geophysical experiments are described in a special JGR volume (Emmermann 1989; Haak and Jones 1997) , the KTB borehole is not any longer active.
Cores samples have been used in laboratory tests for determining the seismic velocities and anisotropy (Kern and Schmidt 1990; Kern, Schmidt and Popp 1991; Zang et al. 1996; Berckhemer et al. 1997) ; vertical seismic profiling and multiple-azimuth shear-wave experiments have been performed targeting the estimation of in situ anisotropy (Rabbel 1994; Muller et al. 1999; Okaya et al. 2004; Rabbel et al. 2004) . In our experiment, we recover structural information as well as anisotropy of the upper crust using the receiver function technique. This retrieved information is the basis for comparing the outcome from RF analysis in terms of amount and orientation of anisotropy, together with information of rock samples down to 9 km depth, and with high-frequency seismic experiments around the drill (Bianchi et al. 2015a) .
A N I S O T R O P Y
Strong seismic anisotropy has been associated to metamorphic processes in several studies (e.g. Christensen 1965; Barruol and Mainprice 1993; Christensen and Mooney 1995; Lloyd et al. 2009; Almqvist and Mainprice 2017; Okaya et al. 2019) . Also, seismic anisotropy has been observed in association to aligned cracks that occur in the vicinity of major faults or due to upper crustal stress fields (e.g. Anderson, Minster and Cole 1974; Savage et al. 2010; Almqvist and Mainprice 2017) .
Effects of seismic anisotropy within the crust have been often observed in body and surface waves (e.g. Ozacar and Zandt 2004; Sherrington, Zandt and Frederiksen 2004; Bostock and Christensen 2012; Bianchi et al. 2016; Okaya et al. 2016) . We want to draw special attention on receiver function studies, which have observed the pattern of the converted Ps waves for several anisotropic scenarios (e.g. Levin and Park 1998; Schulte-Pelkum et al. 2005; Eckardt and Rabbel 2011; Piana Agostinetti et al. 2011; Schulte-Pelkum and Mahan 2014; Audet 2015; Bianchi, Bokelmann and Shiomi 2015b and many others).
The location of our seismic experiment has been selected specifically for the presence of the zone of Erbendorf-Vohenstrauss (ZEV) metamorphic body which has been drilled down to 9 km depth, and investigated both in situ and in laboratory on core samples. The lithological profile of the drilling (Fig. 1b ) has been subdivided into three main lithological units as follows: a first unit (U1) from 0 to 3.2 km depth consisting of paragneiss containing minor intercalations of amphibolite. A second unit (U2) from 3.2 to 7.3 km depth composed of amphibolite with intercalations of metagabbros and minor intercalations of gneiss. In the third unit (U3) below 7.3 km depth, the amount of paragneiss prevails as well, reaching the bottom of the drilling hole, at 9.1 km depth (Berckhemer et al. 1997) . Anisotropy has been detected as highest in the gneisses (U1 and U3), whereas the amphibolites and metagabbros (U2) show significant lower anisotropy (Kern et al. 1991) ; it has been shown on core samples from these units that the anisotropy reduces drastically for increasing confining pressures (Zang et al. 1996) . Laboratory tests on gneiss samples (biotite bearing) from the ZEV have shown a marked splitting of the shear waves, where the fast wave shows polarization parallel to the foliation, whereas the slow wave is polarized normal to it (Kern et al. 1991) .
Previous investigations in our study location have shown that the polarization of the fast shear wave is nearly NW-SE down to approximately 4 km depth (i.e. within the shallow gneiss layer), and is coinciding with the strike direction of the rock foliation (Rabbel 1994) . The information of rock foliation and fractures obtained by the analysis of core samples (Röhr et al. 1990 ) of the Kontinental Tiefbohrung (KTB) pilot hole (Emmermann 1989) , which reached the depth of about 4 km, were associated to the differential velocity of the fast and slow shear waves detected via vertical seismic profiling in Rabbel (1994) . He noticed that the velocity of both P-and fast S-waves diminishes with the decrease of the dip angle of the foliation, whereas the velocity of the slow S-wave is constant. This is the typical behaviour of the body waves propagating within a hexagonally symmetric medium (e.g. Postma 1955) . Another argument for hexagonal symmetry comes from Stroh et al. (1990) , which detected nearly 30% of well-oriented mica (having hexagonal elastic symmetry) in the gneiss units of the ZEV; the amount of anisotropy in the U1 has been estimated to reach 10% (Rabbel 1994) .
Seismic anisotropy has been recognized to be higher at shallow depths (low pressure, i.e. up to 200 MPa) due to the positive interference of oriented microcracks and texture of the rocks. In particular, Kern et al. (1991) find that mi-crofractures are parallel to the morphological sheet planes in the gneisses extracted from the pilot hole.
Moreover, encountered horizontal stress direction in the borehole are around N150° (Brudy et al. 1997; Plenefisch and Bonjer 1997) , which is not far from the foliation strike and direction of the fast anisotropy; according to Kern, Popp and Schmidt (1994) , the deviatoric stress field determined at the KTB drilling site might contribute to the seismic anisotropy in situ.
D A T A
We selected good teleseismic events from epicentral distances ( ) of 30°-100°and magnitude M b > 5.5 recorded at two broadband seismic stations deployed for this purpose (see the description of the experiment in Bianchi et al. 2015a ).
The amount of collected teleseismic traces allows a reasonable backazimuthal coverage (Figs 2 and 3): events occurred between of 90°and 100°have been included in order to increase the backzimuthal coverage towards the SW direction. The receiver function (RF) data sets were obtained by deconvolution of the vertical from the horizontal recordings into the radial, transverse and vertical coordinate system, where the radial (R) is computed along the great circle path between the epicentre and the station, positive away from the source, and the transverse (T) direction is calculated 90°clockwise from R. The deconvolution was performed in the frequency domain (Langston 1979; Ammon, Randall and Zandt 1990; Ammon 1991) , following the approach proposed by Park and Levin (2000) , applying a Slepian taper to limit the frequency band below about 4 Hz (Langston 1979) . The full data sets were published in Bianchi and Bokelmann (2018) . Here we use the data from two stations deployed by the drilling site, that is KW01 and KW06, shown in Figures 2 and 3 as backazimuthal sweeps. The RFs obtained from the teleseismic events have been binned to increase the signal-to-noise ratio. Bins are obtained by the stacking of RFs for events occurring in the same backazimuth (±5°). The spatial filter used to define the events that belong to a single bin is 20°wide in backazimuth (baz) and 40°wide in . The good backazimuthal coverage makes three-dimensional structure modelling beneath the two stations possible from both the radial RF and transverse RF data sets (Figs 2a and 3a) .
I N V E R S I O N M E T H O D
The one-dimensional shear velocity model beneath the two stations has been investigated by Bianchi and Bokelmann (2018) who generated a posteriori probability-density function of the v s at depth following the reversible-jump Markov chain Monte Carlo (rjMcMC) approach developed by Piana Agostinetti and Malinverno (2010) . In this paper, we use the recovered isotropic structure as a starting point for constraining a search for three-dimensional (3D) features (i.e. dipping interfaces or/and anisotropic layers), through the neighbourhood algorithm (NA) search (Sambridge 1999) . The rjMcMC search yields two main results: the Posterior Probablity Density (PPD) of the S velocity at depth and the distribution of the interface depth sampled during the chain; we used this information to build a parameter space for the following 3D v s modelling, and additional information from the transverse receiver function component, to give constraints on dipping interfaces and anisotropic layers. The mean v s model from the rjMcMC search was discretized with reference to the number and depth of the interfaces published in Bianchi and Bokel-mann (2018) . The v s models were divided into layers with uniform velocity and anisotropic parameters have been assigned to perform the NA search. According to previous information on the area, we set the possibility to explore the anisotropic parameters within the shallow unit (U1); this main layer is divided into three sublayers. The second layer in our parameter space has been set without anisotropy parameters (this would correspond to the metabasite depth, or the previously defined unit U2). The latter layer (or lower anisotropic layer) has been set with anisotropy, which would correspond to the lower (deeper) gneiss package (U3). After some initial tentative, we select the parameter space that guarantees the best misfit reduction within a reasonable number of sampled models. To cross-check that our parameter space does not bias our findings, we include in the Supporting Information Material additional results using different parameter spaces. The defined parameter space is shown in Table S1. Modelling the receiver function (RF) is a classical inverse problem characterized by strong non-uniqueness. Interfaces depths and S-wave velocity, anisotropy percentage and plunge of the anisotropic symmetry axis display a clear trade-off, which makes it difficult to draw simple quantitative infer-ences from the observations. The stochastic sampling used by the neighbourhood algorithm to explore the multidimensional parameter space for a range of acceptable velocity models uses the properties of Voronoi cells with the aim of finding an ensemble of models with acceptable data fit. We generated 1000 initial random samples inside the parameter space, and the 50 cells with the lowest misfit were resampled to produce 500 new samples. This process was repeated 500 times, for a total of 101,000 models explored for each station. We evaluate the standard deviation of the models parameters on the ensemble of models which generate synthetics that fit the data with 1.10 times lower misfit than the best-fit model. The best fit model is then interpreted as representative of the ensemble. Synthetics are calculated using the RAYSUM code (Frederiksen and Bostock 2000) that models the propagation of a plane wave in dipping and anisotropic structures. Anisotropy was modelled as hexagonal with a unique axis of symmetry, which fits the characteristics of the transverse isotropy supported by laboratory experiments on the drill core samples (Kern et al. 1991) .
Here, we do not model multiple phases. To be coherent from many backazimuthal directions and thus recognizable in the RF patterns, multiple phases need to propagate through a homogeneous (anisotropic) structure covering a circle of about 10-15 km diameter around the station (approximately, for a 5 km depth target). From previous knowledge of the area (as clearly seen in Fig. 4a ), we understand that the overall structure at the KTB drill site is not horizontally layered over such scale length; therefore, we can assume that the complex local structure prevents multiple phases to be coherently recorded in the RF signal.
Anisotropy model
In a hexagonal system, there is a single axis of symmetry; in the plane perpendicular to the axis of symmetry, every direction is indistinguishable. P-wave propagation along the axis of symmetry can be either faster or slower than that in the perpendicular plane, corresponding to positive/negative anisotropy (Savage 1998) . We opted for modelling anisotropy with slow symmetry axis due to the previous information on the Kontinental Tiefbohrung core samples, where the shear wave splitting has been recognized as most pronounced in the gneisses which hold a high percentage of mica. The mica as plate-like mineral would have a slow propagation direction parallel to the [001] axis (Alexandrov and Rhyzova 1961; Kern and Schmidt 1990) , which can be modelled by slow (negative) anisotropy (Levin and Park 1998) . The other factor that may play a role is stress-induced cracks; these would also be characterized by negative anisotropy. Focusing on negative anisotropy alone is not restrictive, because it has already been shown how fast and slow anisotropic axes reproduce the same pattern for opposite trend (e.g. Sherrington et al. 2004; Bianchi et al. 2008; Bianchi et al. 2010 ). In the considered models, the magnitude (percent) of P and S anisotropies are set to be equal to reduce the computation time. Dipping interfaces and dipping anisotropic layers produce similar signals that are difficult to distinguish (Savage 1998; Bianchi et al. 2008 ). Thus, we use the information about the location of anisotropic layers and the amount of anisotropy from previous studies (i.e. Berckhemer et al. 1997) to reproduce three-dimensional features in the very shallow crust. In our parametrization, a plunge angle of 0°corresponds to a horizontal anisotropy symmetry axis, whereas a plunge angle of 90°corresponds to a vertical symmetry axis.
R E S U L T S
The output of the inversion method that we have employed here gives us the best-fit model out of a family of models with 31 free parameters inverted. Twelve of the 31 free parameters are related to the anisotropic characteristics of the media, and describe trend and plunge of the symmetry axes, as well as the strength of anisotropy (in percent) of the four layers (three sublayers within the U1 + 1 layer in U3) of the velocity model bearing anisotropy.
We therefore focus here on the description of the anisotropy into the two main layers (U1 and U3) in the upper 10 km of the crust. For station KW01, three sublayers of the U1 have anisotropy with a slow axis trending to the SW, for each of these the plunge is less than 25°from the horizontal, and the percentage of anisotropy is increasing from the shallower to the deeper (from 5% to 8%). At 6.5 km depth, a deeper anisotropic layer is encountered (U3), which displays a symmetry axis trending to the NE. The counts of single iteration best-fit values for the anisotropic layers ( Fig. S1 ) are here shown for the robustness of the results. For station KW06, we run a first search using a two-layered parameter space with one inclined interface, for constraining the high amplitudes observed within the first second of the receiver functions (RFs) (Fig. 3) . The neighbourhood algorithm (NA) search performed returns an interface striking N118°at 1 km depth beneath the station, which is in agreement with the strike of the faults in the area and mapped by several previous works (e.g. Hirschmann 1996) . Due to the large effect it has on the RF for that station, we have decided to use the subset of data in which the signals from the deeper layers have not been cancelled by the presence of the shallow dipping interface, and that is shown in Figure 3(b) . Also for this station, the NA search finds anisotropy between 2 and 5 km depth, with increasing strength with depth (U1). Yet, the results give a less stable trend of the symmetry axis, probably caused by the imposed restriction of backazimuths and/or by the interference with the encountered dipping interface; at 7.5 km depth, the U3 is found, which shows an NE trend of its axis in agreement with the results for station KW01. Based on the family of the best-fit models (ensemble of models which fit the observed wiggles with a misfit lower than 1.10 times the misfit of the best-fit model), we give estimates on the uncertainties on the inverted parameters (Table 1) . Errors on the thickness of the layers vary from ±0.1 km for the shallower layer to ±1.4 km for the lower layer; error on the amount of anisotropy is between ±1 and ±2%; for the trend of anisotropy, we find ±40°error estimate in the first and last layers; this value doubles for the second and third layers, showing the high variability of this result.
To verify that the choice of our parameter space does not bias the solution, we tested the presence of anisotropy in the layer U2. The results converge towards anisotropy with a nearly vertical axis (plunge equals to 75°± 8°, Fig. S2 ), thus we exclude the presence of anisotropy there because such a geometry does not generate any relevant signal on the T component of the RF. By enlarging the values of anisotropy magnitude (0 to −15%) and plunge (0°to 90°) for the layers in U1 and U3, we show that the choice of the boundaries of our parameter space does not affect the results of the NA search. In this case, we include models without anisotropy (or with limited effects on T-RF patterns, that is plunge angles larger than 60°). The results are shown in Fig. S3 . Best-fit and standard deviation values highlight that a strong anisotropy is still present in layers U1 and U3 (between −5% and −9%), and that the plunge of the symmetry axes are not close to vertical.
D I S C U S S I O N
We have determined the anisotropic parameters for a sequence of layers under two seismic stations near the Kontinental Tiefbohrung (KTB) borehole, and we will later compare these in detail with the subsurface structure which is known from the KTB borehole.
Lithological changes with depth, changes in the fabric orientation, presence of zones of mechanical weakness associated with lower seismic velocities as cracks or cataclastic fracture zones are all factors which contribute to cause anisotropy. We schematize here the main information regarding these points from the wide literature produced by previous studies at the KTB site. 1. The lithological units of the zone of Erbendorf-Vohenstrauss (ZEV) extend down to the final depth of the borehole and are divided into paragneiss, amphibolites and variegated (alternating sequences of gneiss and amphibolites) ( Fig. 1) (Emmermann and Lauterjung 1997) . The whole profile can be subdivided into three main uniform units: (U1) consisting of mainly paragneiss (0 to 3.2 km depth); (U2) composed of metabasites, mainly amphibolite, metagabbros and metabasalt (3.2 to 7.3 km depth); and (U3) made of mainly paragneiss (7.3 km depth until the bottom of the borehole, 9.1 km depth) (Berckhemer et al. 1997) . 2. The metamorphic rocks show a steep dip between 60°to 80°towards SW or NE and are strongly folded with subhorizontal axial planes and NNW-SSE trending fold axes (e.g. Duyster et al. 1995; Hirschmann and Lapp 1995) . The KTB depth profile has been subdivided into three structural units with homogeneous dip: (U1) mainly SW and minor NE dip, (U2) mainly E and minor W dip and (U3) SW dip (Berckhemer et al. 1997) . The local fault system is associated to the Franconian Lineament (FL) which strikes N140°at about 5 km SW from the KTB borehole (Fig. 1) . 3. The seismic reflectors named SE1 and SE2 are recognized to be cataclastic zones related to the local fault system and related to the FL (Hirschmann 1996; Hluchy, Körbe and Thomas 1992) , outcropping on surface at about 4.5 km distance from KW01. Considering an average dip of 55°to the NE of the faults, we would encounter the SE1 at 6.4 km and at 3.5 km beneath KW01 and KW06, respectively; the estimated depth of SE2 is at about 3.5 km and 2.5 km for stations KW01 and KW06, respectively. These two also mainly correspond to the boundaries between the three lithologically uniform units below station KW01. 4. Stress measurements in the pilot hole (Baumgärtner et al. 1990; Mastin et al. 1991) show an NNW-SSE oriented direction of maximum horizontal principal stress and strike-slip to normal faulting stress magnitudes. The wave velocities at the KTB drill site are affected by the presence of open microcracks until a critical depth of 5-6 km (Kern et al. 1991) ; according to the same author, in the mica-rich genisses, the oriented mi-crofractures are occurring parallel to the morphological sheet planes. 5. A fast anisotropic axis (for both compressional and shear waves) has been detected that is oriented NW-SE parallel to the foliation planes of the metamorphic body (Hirschmann 1996; Berckhemer et al. 1997; Harjes et al. 1997) . Based on array data in a similar setting (GERESS array), Bokelmann (1995) had also found a good agreement of the orientation of fast planes with the known foliation orientation of rocks in the area (based on P-wave polarization). Laboratory measurements on rock samples had predicted a considerable amount of anisotropy Kern et al. 1991; Siegesmund et al. 1993) . Lüschen et al. (1991 Lüschen et al. ( , 1996 and Hirschmann (1994) proved the existence of split shear waves with an observed velocity difference of up to 10%, locally even as high as 14% .
To compare with rock fabrics, we inspect the retrieved trend and plunge angles of the slow anisotropic axes, and project them on the SW-NE cross section of the ZEV summarizing the main orientation of the foliation and of the faults (Hirschmann 1996) (Fig. 4a ). For the deeper anisotropic layer found at both stations, the inferred NE-trend of the slow anisotropic axis corresponds to the minimum velocity of the seismic wave, which is perpendicular to the rock foliation in mica-rich rocks such as the gneiss of the ZEV. We know from literature that the foliation planes are dipping to the SW; that would therefore fit to a symmetry axis of the mica plunging towards the NE. We observe therefore a perfect fit between the true foliation dipping to SW (shown in the background of Fig. 4a ) and the foliation obtained by the inferred anisotropy symmetry axis (blue lines, Fig. 4a ); we therefore attribute the anisotropy as caused by textural velocity. The inferred NE-trend of the slow axis is also perpendicular to the NW-SE fast anisotropy axis from previous studies (e.g. Bopp 1992; Hirschmann 1996; Rabbel et al. 2004 ). In the shallower layer, we may also be dealing with open cracks that would be expected to be aligned with the stress field up to several kilometres depth (Kern et al. 1991) ; we know that the tectonic stress in the vicinity of the KTB is expected to have an orientation of (N150°E) (Zoback et al. 1993) . All three factors potentially causing seismic anisotropy (fabric, faults and σ H -aligned cracks) are striking in NW-SE orientation, but faulting and foliation dip towards opposite directions and affecting the wave propagation; we argue that the causes of the deviation from being parallel to the texture are due to the combined influence of faults and cracks.
The striking finding of our analysis is the perfect match between the depth and thickness of the mica-rich gneiss found in the core-log and the depth extent of the inferred anisotropic U1 and U3 layers. Figure 4(a) shows that receiver function (RF) data constrain anisotropy within the gneiss layers, avoiding the amphibolite layer even if the parameter space (Table S1) gives a potential thickness for U1 between 1 and 5 km and a potential boundary between U2 and U3 between 2 and 8 km. Locating anisotropy at depth is a difficult task for exploration geophysics (e.g. repeated Amplitude Versus Offset (AVO) is a common but expensive tool (Rüger 2001) ). It is of particular interest that we can demonstrate here a relatively cheap method able to locate the anisotropic rock volumes at depth. Accounting for anisotropy has strong implication for reservoir characterization, because its presence might cause significant problems in the interpretation of active seismic data and therefore on the properties of investigated depth structures (e.g. Asaka 2018). We have seen that RFs can provide important information on the subsurface location and character of seismic anisotropy from passively recorded data. The application is computationally efficient, and it may in principle be of interest also for industrial (e.g. oil/gas) applications, as well as underground storage, although it will in general not yield a resolution comparable with that of reflection data (e.g. Tsvankin et al. 2010) , due to the longer wavelengths.
C O N C L U S I O N S
With the application of the receiver function (RF), a passive seismological technique, in the Kontinental Tiefbohrung (KTB) area in Southern Germany, we have acquired some unique proof of the direct correspondence between in situ rock texture and seismic anisotropy.
We gain information below two seismic stations located nearby the KTB drilling hole, where we verify the presence of in situ anisotropy; in particular, we infer the presence of two distinct anisotropic layers within the upper crust. The depth of these two layers corresponds to the location of micarich paragneiss which show intense foliation, this let us gain larger information with respect to previous in situ studies where anisotropy was identified as due to the entire Zone of Erbendorf-Vohenstrauss (ZEV) thickness. We infer higher anisotropic percentages at shallower depths probably related to the presence of cracks. Concerning the causes of the seismic anisotropy, we conclude that for the lower anisotropic layer the symmetry axis of the slow shear-wave is perpendicular to the main foliation of the paragneiss, and is ascribed as due to the alignment of the minerals (micas), whereas for the upper anisotropic layer, the slow anisotropic axis deviates from being perpendicular to the foliation plane, probably due to the presence of intense faulting and of the crack system. More-over, RF can provide important information on the depth location of seismic anisotropy, and can be used as a complementary or explorative tool for underground exploitation, due to its computational efficiency and low cost.
A C K N O W L E D G E M E N T S
We thank Hans-Albert Dahlheim for his precious advice and help during the field campaign. We are also grateful to Franz Holzförster, scientific director of the KTB Geozentrum, for giving us the opportunity to use the spaces of the geo-center. Special thanks go to the field-team, that worked for the set up and maintenance of the KTB network, i.e. M.-T. Apoloner, E. Qorbani, A. Gerner, P. Arneitz, K. Gribovszki. We thank Wolfgang Rabbel for helpful discussion. We acknowledge funding by the Austrian Science Fund (FWF): 24218, 26391 and 30707. We thank T. Taymaz and two anonymous reviewers for the constructive comments on the manuscript. We thank the Editor Tijmen Jan Moser and the Associate editor Igor Ravve, for handling our manuscript.
O R C I D

Irene Bianchi
https://orcid.org/0000-0001-8630-5531 Götz Bokelmann https://orcid.org/0000-0001-5677-7677 
R E F E R E N C E S
A P P E N D I X
